Quantifying Regional Body-wave attenuation in a seismic prone zone of
  northeast India by Bora, Nilutpal & Biswas, Rajib
1 
 
Quantifying Regional Body –wave attenuation in a seismic prone zone of northeast India 
 
Nilutpal Bora, Rajib Biswas* 
 
Geophysical Lab, Department of Physics, Tezpur University, Tezpur-784028, Assam 
*Corresponding Author: rajib@tezu.ernet.in 
 
Abstract 
We evaluated the body wave attenuation parameter in Kopili region of northeast India. Using the 
modified algorithm of coda normalization method, we delineated frequency-dependent attenuation for both 
P and S waves. Taking more than 300 seismograms as input, we comprehensively studied microearthquake 
spectra in the frequency range of 1.5 to 12 Hz. The estimated values of 𝑄𝑃
−1and 𝑄𝑆
−1show strong frequency 
dependence. Based on this, we formulated empirical relationships corresponding to 𝑄𝑃
−1and 𝑄𝑆
−1for the 
study region. The relationships emerge to be 𝑄𝑃
−1 = (23.8 ± 6) × 10−3𝑓(−1.2±0.008) and  𝑄𝑆
−1 =
(10.2 ± 2) × 10−3𝑓(−1.3±0.02), respectively. The ratio 𝑄𝑃
−1 𝑄𝑆
−1⁄  is found to be larger than unity for the 
entire frequency band which implies profound seismic activity and macroscale heterogeneity prevailing in 
the region. The study may act as the building block towards determination of source parameter and hazard 
related studies in the region.  
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1. Introduction 
Attenuation parameter plays a vital role so far the propagation of seismic waves through 
earth medium is concerned. It is represented by the inverse of a dimensionless quantity Q, known 
as Quality factor, which refers to decay in amplitudes of seismic waves during its passage from 
source to the receiver site. A region with high Q value is generally supposed to be a stable region 
whereas low Q value represents seismically active region. In general, the main factors responsible 
for attenuation are geometrical spreading, transformation of seismic energy into heat and 
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redistribution of energy due to heterogeneities present in the medium. The knowledge of 
attenuation parameter or its inverse (Q-1) help in better understanding of the physical state of the 
Earth's interior structure (Sato, 1992). Besides, it leads to quantitative prediction of strong ground 
motion from the perspective of engineering seismology. In addition, unique information about 
lithology, physical state, and degree of rock saturation (Toksöz and Johnston, 1981) could also be 
retrieved. Apart from that, economic and social consequences of earthquakes can be diminished 
through seismic risk analysis which requires the use of a hazard map. The hazard map allows for 
site zones in order to implement a suitable seismic code for buildings and infrastructure. As experts 
claim that the study of two physical processes; firstly the seismic sources and secondly propagation 
of the waves, is crucial for seismic hazard mapping, attenuation being one of the properties 
contributing to the latter (Morsy and Abed, 2013). As such, quality factor helps in modelling of 
earth structure with the application to deterministic seismic hazard assessment (Montaldo et al., 
2005). As stated by Boore, (2003), quality factor accompanied by geometric spreading leads to 
estimation of path effect which helps in understanding source mechanism and site response 
(Abercrombie and Leary, 1993; Abercrombie, 1995; Zeng and Anderson, 1996, Bonilla et al., 
1997) in order to build ground-motion prediction equations (GMPEs) or ground-motion models 
(GMMs) for the seismic-hazard assessment. Due to such paramount significance, there is plentiful 
literatures (Kumar et.al. 2016; Castro et. al., 2008; Singh et. al. 2012; Hazarika et. al. 2009) 
regarding quantification of Q-1 throughout the world particularly in seismically active regions. 
Towards estimation of Q-1, researchers adopt different techniques. Basically, the estimates are 
performed in relation to P- and S-waves, covering all sorts of earthquake spectra. It is worthwhile 
to note that these body waves are actually dependent on prevalent lithology whose amplitudes are, 
in general, dependent on frequency. While inferring regional body wave attenuation, the frequency 
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dependence necessitate a detailed examination. In northeast region of India [NER], although there 
are handful of documentations (Hazarika et. al. 2009; Singh et. al. 2016; Kumar et.al. 2016), 
however, the detailed study on frequency dependence of attenuation parameter on regional scale 
are very few, entailing microearthquake spectra.  So far the microearthquake spectra of our study 
region is concerned, there is evidence of varying spectral signature. As examined in Figure 1, for 
two events recorded by the same station, we could observe disparity in spectral content. In our 
quest to analyze these varying patterns, we adopted a modified methodology by Yoshimoto (1993) 
to attain attenuation parameter. In this work, we tried to figure out the attenuation profile, 
characterized by 𝑄𝑃
−1 and 𝑄𝑆
−1  of Kopili region, NER, India within the frequency range of 1.5 to 
12 Hz.  Apart from analyzing the frequency dependence of seismic attenuation, we explored the 
possible mechanisms in the context of 𝑄𝑃
−1and 𝑄𝑆
−1 and their ratio. The results are interrelated with 
available data of different parts of the world and thereby, implications are correlated. 
 
2. Seismotectonics of Kopili Region 
Northeast India is categorized as seismic zone V. It had witnessed 16 large (M ≥7.0) and 
two great, 1897 (MS 8.7) (Oldham 1899) and 1950 (MS 8.6) earthquakes (Poddar 1950). With 
embodiment of distinct geological units, it is known as one of the highest tectonically active area 
in the world. So far geological units are concerned, the Himalayan frontal arc lies to the north, the 
highly folded Indo-Burma mountain ranges or Burmese arc lies to the east. Similarly, there exists 
the Brahmaputra River alluvium in the Assam valley and the Shillong–Mikir plateau in between 
these two arcs. To the south, thick sediments of the Bengal basin surrounds this region (Bora et. 
al. 2013). This study region having latitude 25.50° to 27.00° E and longitude 92º to 93° N, NER, 
India comprises the active Kopili Fault Zone. It is worthy of mention that our study area also 
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witnessed two major earthquakes of magnitude more than 7 (MS). As per reports of Kayal et. al, 
(2010), there occurred a major earthquake of magnitude ~ 7.8(MS)  at a depth of 50 km along the 
Kopili fault zone on 10th of January 1869, causing severe damages to area from Dhubri to east of 
Imphal, including Nagaon and Silchar region too. It is likely that the epicenter of the 1869 
earthquake has been located possibly at 25.250N: 93.250E (unpublished report). Another 
earthquake having epicenter at 27.50N: 93.50E having origin [M~7.3] occurred in 1943, October 
23. As reported by Kumar et al. (2016), this complete area grew during Mesozoic to Tertiary 
transition and was channeled by rivers Kalang and Kopili. Besides, a broad topographic depression 
has been observed along Koipili fault, without any surficial expression. The NW-SE trending 
Kopili fault separating the Shillong Plateau from the Mikir hills, extends in the north to the Main 
Central Thrust (MCT) in the Himalaya as shown Figure.2. This Kopili fault is, approximately 300 
km long and 50 km wide, extending from the western part of Manipur upto the tri-junction of 
Bhutan, Arunachal Pradesh and Assam. Of late, Kayal et al.(2006), showed that high level of 
seismic activity exists within the Kopili fault and events pertaining to Kopili fault zone were 
characterized by a depth~50km below the Kopili fault (Kayal et al, 2010). Bhattacharya et al. 
(2008) estimated three-dimensional (3D) P-wave velocity (Vp) structure of the north-east India 
and estimated that the Kopili fault system extended from 20 to 30 km depth and there was a high 
Vp structure below Mikir Hills at a depth of 40 km. As per Kundu & Gahalaut (2013), the Kopili 
fault located to the east of the Shillong Plateau, was also undergoing active deformation with a slip 
of 2.9 ± 1.5 mm/year. Barman et. al. (2016) reported that Kopili fault is a transpressional fault with 
a right lateral slip of 2.62 ± 0.79 mm/year at a locking depth of 3 ± 2 km. The Kopili fault was also 
found to have a normal and strike slip faulting with a dip in the north-eastern direction. The recent 
seismicity discovered along the fault has led to speculations that the Kopili fault is one of the most 
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seismically active faults of the region and a major earthquake could be expected in the future 
[Kayal et. al. 2006, 2010]. 
3. Dataset  
 The present dataset consists of 300 digital seismograms of small to moderate earthquakes 
recorded by six stations [see Table 1] within an epicentral distance ~180 km. This network of 
stations is operated by National Geophysical Research Institute (NGRI), Hyderabad. All the six 
stations are equipped with three component Broadband Seismographs with GPS synchronized 
timings.  They were operated in continuous mode of recording. The data were sampled with a 
digitizing frequency of 100 samples /second. The corresponding epicentral plot is furnished in 
Figure 2. As seen, the events are scattered with good azimuthal coverage around the receiver sites 
under consideration. Such type of distribution helps in cancelation of influence of source radiation 
pattern to best possible extent (Negi et al., 2014). Besides, the seismograms of all well-located 
events were carefully inspected to minimize any overlapping, or early cutoff. Further, emphasis is 
given to those events having signal to noise ratio greater than ~2. Velocity model of Bhattacharya 
(2005), compatible for Kopili region has been utilized with a view to determining the hypocentral 
parameters. The depths of the events vary from 8.3 to 42 km. The root mean square value for 
hypocentral parameter estimates is below 0.2s. 
In this work, we have utilized the initial portion of the P- and S-wave arrivals of the micro-
earthquakes to derive spectra of P- and S-waves. As we have taken into account all nearby events, 
hence they are characterized by small S-P differences. As such, we stick to small sample lengths 
in order to avoid contamination of P portion of wave with S-wave portion. Afterwards, we perform 
baseline correction and trend line removal. While computing baseline, we have taken the initial 
128 samples. Having subtracted the trend from the original record, the spectra were evaluated 
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using Fast Fourier Transform (FFT) and later on subjected to instrumental correction. In order to 
do FFT, we have developed our own customized Matlab code, aided by desired sample length.   
 
4. Methodology  
We have adopted extended coda normalization method developed by Yoshimoto et. al. 
(1993). The elementary idea of this technique is that, if AC is the coda spectral amplitude, AS is the 
S-waves’ source spectral amplitude and AP is the P-waves’ source spectral amplitude, then the 
spectral amplitude of coda wave can be represented as  
Ac(f, tc)∞ As(f) ∞Ap(f)                                                                                              (1) 
where tC is the lapse time, measured roughly from the origin time and is larger than twice 
the direct S-wave travel time. This technique is based on some assumptions that the scattering 
coefficient in the region is constant, the focal mechanisms are random and the ratio of P-wave to 
S-wave radiated energy is constant. Therefore, the source effects, instrument response and site 
amplification terms, which are common in both direct waves (P- and S-waves) and coda waves, 
are canceled by normalizing P- and S-spectra with coda spectra.  
From the aforesaid coda normalization method, 𝑄𝑃
−1 and 𝑄𝑆
−1 can be attained from the 
seismogram of earthquakes observed at different hypocentral distances by using the following 
equations: 
ln [
𝐴𝑃(𝑓,𝑟)𝑟
𝐴𝐶(𝑓,𝑡𝐶)
] = −
𝜋𝑓
𝑄𝑃(𝑓)𝑉𝑃
𝑟 + 𝑐𝑜𝑛𝑠𝑡(𝑓)                                                                              (2) 
ln [
𝐴𝑆(𝑓,𝑟)𝑟
𝐴𝐶(𝑓,𝑡𝐶)
] = −
𝜋𝑓
𝑄𝑆(𝑓)𝑉𝑆
𝑟 + 𝑐𝑜𝑛𝑠𝑡(𝑓)                                                                               (3) 
where  f is frequency and tc is a fixed lapse time from the origin time; r is the hypocentral 
distance, Vp is the P-wave velocity, and Vs is the S-wave velocity. Ap(f, r) and As(f, r) are the direct 
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P- and S-wave maximum amplitudes, respectively and Ac(f, tc) is the coda spectral amplitude. Aki 
(1980) showed that, by using several P and S waves from events at different azimuths, the effects 
of source radiation pattern will be nullified which is one important assumption in the derivation of 
the above two equations. In this region, geometrical spreading plays a vital role as it affects the 
decay rate of the seismic wave amplitude (Yoshimoto et al., 1993). The geometrical spreading Z(r) 
is expected to be proportional to the inverse of the hypocentral distance r−α and the exponent α is 
the geometrical spreading parameter. As reported by Frankel et al. (1990), the quality factor for S-
wave does not rely on frequency while varying the value of α from 0.7 to 1.3. For Kanto region, 
Yoshimoto (1993) also reported that Q-1 did not change considerably within the frequency band 
with variation of α to 0.75, 1, and 1.25. He also explained that the value of α is 1 for earthquakes 
with hypocentral depth greater than the Moho. Again, Havskov et al. (1989) considered the value 
of α to be equal to 1.0 for body wave, 0.5 for surface wave and 0.75 for diffusive wave (Sato and 
Fehler, 1998). Therefore, we take a geometrical spreading exponent α to be unity in our study 
region. This gives an inverse power law with hypocentral distance of r-1, which is frequently used 
for assessment of direct body wave attenuation in the crust (Chin and Aki 1991; Ishida, 1992; 
Yoshimoto et al., 1993; Singh et al., 2012, Kumar et al., 2014, Negi et al., 2014). 
Applying the least-squares method to the values of the left-hand side of equations (2) and 
(3) against the hypocentral distance for many earthquakes, we can estimate 𝑄𝑃
−1 and 𝑄𝑆
−1from 
linear regression lines in a single plot. It is evident from the above equations (2 & 3) that the values 
of AS, AP are functions of both f and r. Once the values of AS, AP and AC are known, the values of 
𝑄𝑃
−1 and 𝑄𝑆
−1 can be determined for different frequency ranges.  
 
 5. Data analysis 
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We calculated the spectral amplitudes of the direct P- and S-waves in a 1.28- s time window 
from the beginning of P- and S-waves separately. Then, the separated signal has been filtered by 
using Butterworth bandpass filter at five different frequency bands, 1~2, 2~5, 4~8, 6~12, 9~15 
(Table 2) respectively. The maximum peak-to-peak amplitudes of direct P- and S-waves are 
measured for a 1.28 s length window from the onset of P and S waves on the filtered seismograms. 
Half values of the peak-to-peak amplitudes represent AP(𝑓,𝑟) and 𝐴𝑆(𝑓,𝑟) respectively.  AP(f, r) is 
obtained in vertical-component record and AS(f, r) is read in NS-component since the maximum 
amplitudes of S wave are nearly equal in both the NS and EW components. Coda-spectral 
amplitude AC(f, tC) is calculated for a 1.28-s time window at the lapse time tC=T0+2ts which is 
taken as twice that of the S-wave travel time (Aki and Chouet, 1975; Rautian and Khalturin, 1978) 
and T0 is the origin time of an earthquake. In the analysis, AC is considered as root mean square 
amplitude of the coda window which is taken from the N-S component of the seismogram for each 
frequency band.  We take VP=6 km/s and VS=3.5 km/s for the study region from the velocity model 
estimated by Gupta et al. (1984). As seen from the figure 2, our events are randomly distributed 
around the receivers, so the effect of source radiation pattern is considered as negligible. We 
substituted AP(𝑓,𝑟), 𝐴𝑆(𝑓,r)  and AC(f, tC) into equations (2) and (3) and then got 𝑄𝑃
−1 and 𝑄𝑆
−1 by 
the least-squares method. The slopes of the best-fitted lines are used to estimate 𝑄𝑃
−1 and 𝑄𝑆
−1using 
the following relations [from Eqs. (2) and (3)] 
𝑆𝑙𝑜𝑝𝑒 = −
𝜋𝑓
𝑄𝑃(𝑓)𝑉𝑃
 𝑓𝑜𝑟 𝑃 𝑤𝑎𝑣𝑒 
𝑆𝑙𝑜𝑝𝑒 = −
𝜋𝑓
𝑄𝑆(𝑓)𝑉𝑆
 𝑓𝑜𝑟 𝑆 𝑤𝑎𝑣𝑒 
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Taking TZR and RUP as an example, we furnished coda-normalized amplitude decay of 
P- wave and S-wave with hypocentral distance for different frequencies (Figures 3). 
 
6. Results and discussion 
We have observed that the values of 𝑄𝑃
−1 and 𝑄𝑆
−1for the Kopili region decrease with 
increase in frequency. The values of 𝑄𝑃
−1 and 𝑄𝑆
−1for all the five central frequency is for the six 
stations are given in the Table 3 and 4. It is noted that the values of  𝑄𝑃
−1 and 𝑄𝑆
−1 do not vary 
considerably from one station to other. For instance, the value of 𝑄𝑃
−1 for the stations RUP and 
BKD are (12.8±1.2)× 10−3 and (12.2±2.9)× 10−3 respectively at 1.5 Hz. Looking at this trend, 
we are encouraged to take the arithmetic mean of 𝑄𝑃
−1 and 𝑄𝑆
−1 for all the six stations. Table 5 
shows the average values of the 𝑄𝑃
−1 and 𝑄𝑆
−1 with their standard deviations. As seen in Table 5, 
it is observed that the values of 𝑄𝑃
−1 and 𝑄𝑆
−1 decrease with rise in frequency. As per example, 𝑄𝑃
−1  
declines from about (13.8±3.3)× 10−3 at 1.5 Hz to (0.9±0.2) × 10−3 at 12 Hz. Similarly, 𝑄𝑆
−1 
shows diminishing trend from (6.0±1.4) × 10−3 to (0.4±0.09) × 10−3 in the same frequency range 
as that of𝑄𝑃
−1. All these observations suggest that there is strong dependence of quality factor on 
frequency.  
 This observed frequency dependence is analogous to those obtained in other tectonic areas 
such as Bhuj (India) (Padhy, 2009), Cairo Metropolitan area (Egypt) (Abdel-Fattah, 2009), Koyna 
(India) (Sharma et. al., 2007), Kanto (Japan) (Yoshimoto et. al., 1993) and NE India (Padhy and 
Subhadra, 2010). 
Besides, the average ratio 𝑄𝑃
−1 𝑄𝑆
−1⁄ estimated in this study varies from 2.25 to 2.70 (see 
table 5) within the frequency range 1.5 to 12 Hz. The estimated mean value is 2.6. The ratio 
𝑄𝑃
−1 𝑄𝑆
−1⁄  is greater than unity for the frequency range (1.5–12 Hz) considered in the present study. 
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It has been revealed in laboratory measurements that 𝑄𝑃
−1 𝑄𝑆
−1⁄ ratio is greater than unity in dry 
rocks (Toksö z et al., 1979; Mochizuki, 1982; Winkler and Nur, 1982). The study of Johnston et 
al. (1979) also indicates that at surface pressure most dry rocks have 𝑄𝑃
−1 𝑄𝑆
−1⁄ > 1. Yoshimoto et 
al. (1993) and Rautian et al. (1978) reported 𝑄𝑃
−1 𝑄𝑆
−1⁄ ratio larger than unity at frequencies higher 
than 1 Hz, Similar results were also reported by Chung and Sato (2001) for South Eastern Korea, 
the ratio where they computed to be greater than 1 unity for the frequency range 1.5–10Hz. The 
value of ratio 𝑄𝑃
−1 𝑄𝑆
−1⁄ found in the present analysis is in agreement with the results of the 
laboratory measurements and other studies mentioned above. It is evident that 𝑄𝑃
−1
 is greater than 
𝑄𝑆
−1
 by a factor of 2.42 in the frequency range 1.5-12 Hz. This estimated value is approximately 
equal to the theoretical predicted ratio of 2.41 at high frequency limit for entire NE India (Sato 
1984).  
In order to build the frequency-dependent relationship 𝑄 = 𝑄0𝑓
𝑛, we fitted the expected 
average values of Q-1, as a function of central frequency by using a power law. In the expression, 
Qo is the quality factor at a reference frequency f=1Hz and n is the frequency-dependence 
coefficient, which is approximately close to  unity and varies from region to region on the basis of 
heterogeneity of the medium (Aki 1981). As illustrated in Figure 4, average values of 𝑄𝑃
−1 and 
𝑄𝑆
−1 are plotted against the central frequency. The standard deviations are represented by the error 
bars. The estimated frequency dependent formula for our study region emerges to be 𝑄𝑃
−1 =
(23.8 ± 6) × 10−3𝑓(−1.2±0.008) and 𝑄𝑆
−1 = (10.2 ± 2) × 10−3𝑓(−1.3±0.02). These estimates of 
𝑄𝑃
−1 and 𝑄𝑆
−1 correspond to those of the seismically active areas in the world.  
The frequency dependencies for P- and S-waves are almost similar. We find that the 
attenuation for P-waves is greater than for S-waves in the entire frequency range. The obtained 
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𝑄𝑃
−1 𝑄𝑆
−1⁄ >1 is observed in the upper crust of many other regions with a high degree of lateral 
heterogeneity (Bianco et al., 1999; Sato and Fehler, 1998).  
This variation in Q-1 values may be attributed to the heterogeneities present in the region. 
From the geological point of view, crustal structure of earth is endowed with heterogeneities on 
many scales. Aki (1980), VanEck (1988) showed a correlation between the degree of frequency 
dependence and the level of tectonic activity. They established higher n values for tectonically 
active regions as compared to that of tectonically stable regions. In our study the computed values 
of ‘n’ are~1.2 and ~1.3 for P- and S-waves. 
In order to get further insight in the observed attenuation pattern, we have reviewed the 
available geophysical evidences and tried to correlate them. As reported by Bhattacharya et al. 
(2002, 2008), Kopili fault is the next pronounced active zone after Shillong Plateau. They observed 
an intense activity along the NW-SE Kopili fault. Bhattacharya et al. (2002) conducted 10 and 20 
mapping of entire NE region.  They found high b-value as well as high fractal dimensions (1.65 < 
D < 1.85) along the Kopili fault. They showed that higher D values along the Kopili Fault are due 
to the heterogeneous transverse structure. The high b-value implies higher heterogeneities (Mogi 
(1962)) or presence of heterogeneous fractured rock mass. All these bear strong resemblances with 
our estimated values of 𝑄𝑃
−1 and 𝑄𝑆
−1. 
Further, we have compared our results with the available worldwide data, as shown in 
Figure 5 and 6. As depicted in Table 6 we classified them based on the attenuation characteristics, 
related to the tectonic settings. The pattern of 𝑄𝑃
−1 with frequency is comparable (Figure. 5) to the 
estimates obtained in other tectonic areas. The pattern is almost similar to that of Kummaun, India 
(Singh et al. 2012). However, the higher estimates of 𝑄𝑃
−1 is mainly attributed to higher degree of 
heterogeneities in the crust beneath the study area. Similarly, the pattern of 𝑄𝑆
−1  with frequency 
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is comparable (Figure. 6) to the estimates obtained in Kummaun, India (Singh et al. 2012); Koyna, 
India (Sharma et. al. 2007). This comparison converges to the fact that the attenuation 
characteristics in our study area is quite comparable with the other seismically alert parts of the 
world. 
7. Conclusion 
In summary, we tried to estimate seismic wave attenuation in Kopili region, NER India by 
using direct P- and S-waves for six seismic stations in the frequency range of 1.5–12 Hz.  
The findings are: 
1. Both 𝑄𝑃
−1and 𝑄𝑆
−1are frequency dependent as the values of 𝑄𝑃
−1 and 𝑄𝑆
−1 decrease with 
rising frequency from about (13.8±3.3)× 10−3and (6.0±1.4) × 10−3 at 1.5 Hz to 
(0.9±0.2) × 10−3and (0.4±0.09) × 10−3 at 12 Hz, respectively.  
2. The frequency dependent formula for both 𝑄𝑃
−1 and 𝑄𝑆
−1  are obtained by using a power 
law fitting against the analyzed frequency range. Our estimated values of P- and S-
waves attenuations are 𝑄𝑃
−1 = (23.8 ± 6) × 10−3𝑓(−1.2±0.008) and QS
−1 = (10.2 ±
2) × 10−3f (−1.3±0.02) respectively. 
3. The estimated value of 𝑄𝑃
−1 𝑄𝑆
−1⁄  is 2.42 which is approximately equal to the theoretical 
predicted ratio (by Sato 1984) of 2.41 at high frequency limit for entire NE India. 
4. The observed findings are similar to other seismically active areas like Kanto (Japan), 
Zarand (Iran), Koyna (India), East central Iran and Kummaun (India). The observed 
high attenuation is mainly attributed to high degree of heterogeneity in the crust beneath 
the study area. 
The obtained attenuation relations may be implemented towards computation of source 
parameters. Additionally, the near-source simulation of earthquake ground motion of the 
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earthquakes can also be executed by resorting to these relations for this region which will 
eventually help in assessing seismic hazard in the region. 
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Figure 1. Displacement spectra of the nearby event with respect to the farthest event recorded at 
TZR-station, NER, India 
Figure 2. Map showing major tectonic features of Kopili Fault region [after Biswas et. al., (2013) 
a, b.]. These are as indicated: Main Central Thrust, Main Boundary Thrust, Kopili fault, Dauki 
fault, Oldham fault (OF), Borapani Shear Zone (BS). The filled circles represent the epicenters 
used for our study. The stations temporarily deployed in Kopili region are indicated by Triangles. 
The star symbols represent the Great and major earthquakes originating in and around Shillong 
Plateau (Inset map of India). 
Figure 3: Plots of coda-normalized P and S-wave amplitudes obtained using the N–S component 
of the seismograms versus the hypocentral distance for each frequency band for station (a) TZR 
and (b) RUP. The estimated 𝑄𝑃
−1 and 𝑄𝑆
−1values are also shown. 
Figure 4: Plot of mean values of 𝑄𝑃
−1 and 𝑄𝑆
−1 for Kopili region. Bars show standard error from 
mean at each frequency. The frequency dependent equation is also given by using power law 
fitting. 
Figure 5: Comparison of 𝑄𝑃
−1values obtained from our study area with other parts of the world 
having different tectonic setting. 
Figure 6: Comparison of 𝑄𝑆
−1 values obtained from our study area with other parts of the world 
having different tectonic setting. 
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Table 1:  
 
 
 
 
 
 
 
 
 
 
 
Station 
Name 
Latitude 
(Degrees) 
Longitude 
(Degrees) 
Elevation 
(Meter) 
Ground Type 
BKD 26.89 
   
92.11 210 Hard Rock 
BPG 26.99   
 
92.67 130 Hard Rock 
DMK 26.21   
 
93.06 200 Alluvium 
RUPA 27.20   
 
92.40 1470 Hard Rock 
SJA 26.93 
   
92.99 150 Hard Rock 
TZR 26.61 
   
92.78 140 Hard Rock 
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Table 2:  
  
 
 
 
 
 
 
Table 3:  
 
Table 4:  
Central 
Frequency 
(Hz) 
TZR 
𝑄𝑆
−1 10−3⁄  
RUP 
𝑄𝑆
−1 10−3⁄  
BKD 
𝑄𝑆
−1 10−3⁄  
BPG 
𝑄𝑆
−1 10−3⁄  
DMK 
𝑄𝑆
−1 10−3⁄  
SJA 
𝑄𝑆
−1 10−3⁄  
1.5 (5.9±0.5) (5.1±0.8) (5.3±1.4) (5.4±0.2) (9.0±0.1) (6.0±0.5) 
3.5 (2.1±0.2) (1.9±0.4) (1.8±0.5) (1.9±0.6) (2.0±0.3) (1.3±0.2) 
6 (1.1±0.1) (0.8±0.2) (0.9±0.3) (1.0±0.2) (1.0±0.2) (0.4±0.1) 
9 (0.7±0.07) (0.6±0.1) (0.6±0.2) (0.7±0.1) (0.6±0.2) (0.3±0.08) 
Low 
cutoff(Hz) 
Central 
Frequency(Hz) 
High 
cutoff(Hz) 
1 1.5 2 
2 3.5 5 
4 6 8 
6 9 12 
9 12 15 
Central 
Frequency 
(Hz) 
TZR 
𝑄𝑃
−1 10−3⁄  
RUP 
𝑄𝑃
−1 10−3⁄  
BKD 
𝑄𝑃
−1 10−3⁄  
BPG 
𝑄𝑃
−1 10−3⁄  
DMK 
𝑄𝑃
−1 10−3⁄  
SJA 
𝑄𝑃
−1 10−3⁄  
1.5 (16.5±1.3) (12.8±1.2) (12.2±2.9) (10.3±2.5) (19.2±3.5) (19.4±4.5) 
3.5 (4.6±0.5) (3.4±0.5) (3.8±1.1) (5.3±1.6) (8.0±1.4) (4.7±2.9) 
6 (2.4±0.4) (1.5±0.4) (2.6±0.7) (2.7±1.0) (2.7±0.9) (1.9±1.8) 
9 (1.5±0.2) (0.8±0.2) (1.7±0.6) (1.3±0.6) (1.5±0.7) (1.2±1.4) 
12 (0.8±0.2) (0.6±0.2) (1.3±0.5) (1.0±0.5) (1.2±0.7) (0.8±0.2) 
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12 (0.4±0.06) (0.4±0.08) (0.5±0.1) (0.4±0.1) (0.4±0.2) (0.2±0.04) 
 
Table 5:  
Central Frequency 
(Hz) 
𝑄𝑃
−1 ± ∆𝑄𝑃
−1 𝑄𝑆
−1 ± ∆𝑄𝑆
−1 𝑄𝑃
−1 𝑄𝑆
−1⁄  
1.5 (13.8±3.3)× 10−3 (6.0±1.4) × 10−3 2.30 
3.5 (4.9±1.5) × 10−3 (1.8±0.3) × 10−3 2.72 
6 (2.3±0.5) × 10−3 (0.9±0.2) × 10−3 2.55 
9 (1.3±0.3) × 10−3 (0.56±0.15) × 10−3 2.32 
12 (0.9±0.2) × 10−3 (0.4±0.09) × 10−3 2.25 
 
Table 6:  
 
𝑄𝑃
−1 𝑄𝑆
−1 
Western Nagano, Japan 
(Yoshimoto et. al. 1998) 
52 × 10−3𝑓(−0.66) 34 × 10−3𝑓(−0.12) 
Baoshan, China (Qin-cai 
et al. 2005) 
11.55 × 10−3𝑓(−0.93) 8.67 × 10−3𝑓(−0.86) 
East-Central Iran 
(Ma’hood et al. 2009) 
25 × 10−3𝑓(−0.99) 19 × 10−3𝑓(−1.02) 
Kanto, Central Japan 
(Yoshimoto et. al. 1993) 
31 × 10−3𝑓(−0.95) 12 × 10−3𝑓(−0.73) 
Zarand 
(Ma’hood et al. 2009) 
28 × 10−3𝑓(−1.03) 17 × 10−3𝑓(−1.0) 
South Korea (Chung and 
Sato, 2001) 
9 × 10−3𝑓(−1.05) 4 × 10−3𝑓(−0.70) 
Kachchh, Gujarat 
(Sharma et. al. , 2008) 
13 × 10−3𝑓(−0.87) 10 × 10−3𝑓(−0.86) 
Kopili Region (This 
Study) 
(23.8 ± 6) × 10−3𝑓(−1.2±0.008)  (10.2 ± 2) × 10−3𝑓(−1.3±0.02) 
 
 
